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57] ABSTRACT

In a four-wheel drive motor vehicle in which an engine
and a transmission are 1n parailel with each other, the
transmission is arranged at the rear of the rearwardly
inclined engine, and a front-wheel drive shaft is dis-
posed under the transmission. A bevel gear of a transfer
device is arranged 1n a space betfore the drive shaft and
under the engine. The rear part of a drive pinion engag-
ing with the bevel gear is connected to a propeller shaft.
An exhaust pipe 1s connected to a rear part of the en-
gine, and a steering shaft extending in a car width direc-
tion i1s disposed under the exhaust pipe. A connecting
part for connecting the transfer device and the propeller
shaft is located at the front of the steering shaft. Ac-
cordingly, the bevel gear is positioned appropriately
when transmitting a drive power from the transfer de-
vice to the propeller shaft, and the power train is easily
assembled into an engine compartment of the vehicle.

19 Claims, S Drawing Sheets
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FIG. 4
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1
POWER TRAIN CONSTRUCTION OF VEHICLE

BACKGROUND OF THE INVENTION

This invention relates to a power train construction
of a vehicle.

As a conventional power train construction, there is
known a technique disclosed in, for example, LLaid Open
Unexamined German Patent Application No. 3,838,073,
in which an engine and a transmission are disposed
parallel to one another in a direction of movement of a
vehicle 1n such a manner that an axial line of a crank-
shaft of the engine 1s in a car width direction of the
vehicle, the transmission is arranged at the rear of the
engine, and an axis of the transmission is in parallel with
the crankshaft of the engine. In this prior art reference,
a front axle of the vehicle is located under the transmis-
sion, the engine 1s inclined in a rearward direction of the
vehicle, and a driving power transmitted from the en-
gine to the transmission is transmitted to rear wheels
from a propeller shaft extending in the vehicle move-
ment direction or longitudinal direction of the vehicle
through the medium of a transfer device having a bevel
gear for changing a transmitted direction of the driving
power by 90°. As to an exhaust system of the engine,
arranged on a rear side of the engine is an exhaust port
which i1s connected to an exhaust pipe extending
obliquely, downwardly in a rearward direction of the
vehicle.

On the other hand, in general, front wheels are
steered 1n such a manner that rotation of a steering
wheel 1n a compartment is transmitted to right and left
front wheels via a steering shaft disposed widthwise of
the vehicle.

In the power train construction of the above-noted
reference, however, since the engine is inclined in a
rearward direction of the vehicle, a ground clearance of
the vehicle where the steering shaft is disposed is low-
ered. Particularly, in a power train construction where
the exhaust pipe is connected to the exhaust port lo-
cated on the rear side of the engine, since the exhaust
pipe occupies a space behind the engine, a ground clear-
ance of the steering shaft is further lowered, so as to be
the same ground clearance of the axis of the front
wheels. Consequently, when the transfer device is dis-
posed under the steering shaft, the lowest ground clear-
ance of the vehicle cannot be ensured because a lower
part of the bevel gear having a large diameter extrudes
downward. On the other hand, in a power train con-
struction where the transfer device is disposed at the
rear of the steering shaft, the whole power train includ-
ing the transfer device lies along the longitudinal direc-
tion of the vehicle, which causes no compaction of the
power train in the longitudinal direction. Further, when
an upstream portion of the exhaust pipe is connected to
the rear side of the engine, the whole power train in-
cluding the exhaust pipe on the upstream side and the
transfer device is extruded at upper and lower parts
thereof rearward of the vehicle and is hollowed at an
intermediate part thereof. As a result, when the whole
power train is assembled by lowering the power train
from above to an engine compartment of the vehicle at
one time, to a set position of the engine compartment of
the vehicle in which the steering shaft is already assem-
bled, the steering shaft blocks the assembling, which
results i difficult assembling of the power train within
the engine compartment.
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2
SUMMARY OF THE INVENTION

An object of the present invention is compaction of
the whole power train in the longitudinal direction of
the vehicle, while ensuring the lowest ground clearance
of the vehicle, and easy assembling of the whole power
train at one time to a set position in the engine compart-
ment regardless of the presence of the steering shaft by
arranging the bevel gear of the transfer device at an
appropriate position and by forming the power train
into an appropriate shape as a whole.

To attain the above objects, the present invention has
been made in view that the engine 1s inclined rearward
of the vehicle. According thereto, the bevel gear of the
transfer device is disposed at a space before the front-
wheel axle and under the engine, and the lower part of
the power train 1s set shorter in the longitudinal length
than the space before the steering shaft in the engine
compartment.

To attain the objects in the present invention, a power
train construction of a vehicle having an engine whose
crankshaft 1s disposed in a car width direction, and a
transmission arranged along a length of the engine and
an axis of which is 1n parallel with the crankshaft of the
engine is provided, wherein the engine is inclined in a
rearward direction of the vehicle and an exhaust pipe is
connected to the rear side of the engine, comprises a
front wheel axle located under the transmission; a trans-
fer device for transmitting a driving power to a propel-
ler shaft, a bevel gear of which is disposed between the
front-wheel axle and the engine; a steering shaft located
between the propeller shaft and the exhaust pipe and
extending in a car width direction; and a connecting
part of the transfer device and the propeller shaft lo-
cated at the front of the steering shaft.

Another means for attaining the objects is to provide
a power train construction of a vehicle having an engine
whose crankshaft is disposed in a car width direction,
and a transmission located along a length of the engine
an axis of which is in parallel with the crankshaft of the
engine, wherein the engine is inclined in a rearward
direction of the vehicle, comprises a front wheel axle
located under the transmission; a transfer device for
transmitting a dniving power to the propeller shaft, a
bevel gear of which is disposed between the front-
wheel axle and the engine.

Another means for attaining the objects is to provide:
a power train construction of a vehicle in which an
exhaust pipe is connected to a rear side of an engine,
comprising a steering shaft extending In a car width
direction and disposed between the exhaust pipe and a
propelier shaft; and a connecting part of the propeller
shaft and a transfer device for transmitting a driving
power to the propeller shaft, which i1s located at the
front of the steering shaft.

A cylinder block of the engine which is essential
thereto is integrally formed with a casing of the trans-
mission.

A lower block of the engine which is essential thereto
1s integrally formed with a casing of the transfer device.

In addition, in the present invention, the vehicle is a
four-wheel drive motor vehicle in which a center differ-
ential is arranged at a drive shaft of the front wheels.

With the above construction in the present invention,
since the large diameter bevel gear of the transfer de-
vice 18 disposed in a space before the steering shaft and
under the engine, a ground clearance thereof is compar-
atively set high, thus ensuring the lowest ground clear-
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ance. Further, since the bevel gear i1s located at the
front, compared with a case where the bevel gear is
located below or behind the steering shaft, the power
train 1s compacted as a whole.

Moreover, since the connecting part of the transfer
device and the propeller shaft is located before the
steering shaft, it is easy to assemble the whole power
train into an engine compariment of the vehicle to
which the steering shaft already is assembled with the
exhaust pipe arranged above the steering shaft, without
interference of the steering shaft, only by lowering the
whole power train from above into the engine compart-
ment. After the assembling, a front end part of the pro-
peller shaft is connected to the transfer device.

The nigidity of the power train is enhanced as a whole
since a cylinder block of the engine and a casing of the
transmission are formed integrally.

Further, since a lower block of the engine and the
casing of the transfer device are formed integrally, in
the case of applying to a front-wheel drive motor vehi-
cle or a four-wheel drive motor vehicle, only the inte-
gral portion is exchanged, which means a common use
of the cylinder block of the engine and of the device.

In addition, since the center differential is arranged at
the drive shaft of the front wheels, a support shaft for
the center differential is unnecessary, which leads to a
simplification of the power train construction of the
vehicle.

These and other objects, features and advantages of

the invention will become more apparent upon a read-
ing of the following detailed specification and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Drawings show preferred embodiments of the pres-
ent mmvention, in which:

FIG. 113 a side view showing a power train construc-
tion of a vehicle:

FIG. 2 1s a development partly in section showing a
whole power train construction of the vehicle;

FI1G. 3 1s a side view showing a power train construc-
tion of a vehicle in another embodiment:

FIG. 4 1s a development partly in section showing a
whole power train construction of a vehicle in another
embodiment; and
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FIG. 5 1s a skeleton view showing a power train 45

construction in a modified example.

PREFERRED EMBODIMENT OF THE
INVENTION

Referring to the drawings, preferred embodiments of 50

the present invention are described below.

FIGS. 1 and 2 show a power train construction of a
vehicle in an embodiment of the present invention ap-
plied to a four-wheel drive motor vehicle.

In each drawing, a reference numeral 1 designates a
bonnet or hood of the vehicle and 2 designates an en-
gine compartment formed under the bonnet 1. A multi-
ple valve engine 3 is disposed transversely in a car
width direction of the vehicle in the engine compart-
ment in such a fashion that a crankshaft 3a thereof is
arranged in the car width direction. As shown in FIG.
1, the engine 3 is inclined in a rearward direction of the
vehicle and an intake port 36 and an exhaust port 3¢
thereof are arranged respectively on a front side of the
vehicle and on a rear side thereof. An intake pipe 4
extending forward of the vehicle communicates with
the intake port 35, and an exhaust pipe S communicates
with the exhaust port 3c. The exhaust pipe 5 extends in
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a rearward direction of the vehicle and obliquely down-
ward.

Disposed at a right end part of the engine 1 in FIG. 2
is a clutch device 8 having a clutch disk 8¢ connected to
an output shaft 9 and a pressure plate 85. During opera-
tion thereof, an engine output is transmitted to the out-
put shaft 9 by the pressure plate 85 by way of the clutch
disk 8z which is in frictional engagement with a
flywheel 3d connected to an end part of the crankshaft
3a of the engine 3.

A transmisston 12 having, for example, four stages for
advance and one stage for retreat is disposed at the rear
of a right side part of the engine 3 in FIG. 2. The trans-
mission 12 is disposed in the engine compartment 2 in
such a manner that an input shaft 122 and an output
shaft 1256 thereof are in parallel with the crankshaft 3a of
the engine 3. Disposed between the transmission 12 and
the clutch device 8 is a power transmitting mechanism
13 composed of a drive sprocket 13a connected to a
right end of the output shaft 9 in FIG. 2, a driven
sprocket 1356 connected to the input shaft 12a of the
transmission 12 and a chain 13c trained between both
sprockets 13a, 135. The driving power transmitted to
the output shaft 9 at a connected state of the clutch
device 8 is transmitted to the input shaft 12¢ of the
transmission 12 via the power transmitting mechanism
13.

On the other hand, the output shaft 125 of the trans-
mission 12 extends to a left part of the engine 3 in FIG.
2. A final drive pinion 14 is provided at the extending
portion.

As shown in FIG. 1, a drive shaft 17 of front wheel W
extends in a car width direction under the transmission
12. At the drive shaft 17, as shown in FIG. 2, a center
differential 18 is disposed just below the final drive
pinion 14 of the transmission 12, and a differential 20 for
the front wheels is disposed right of the center differen-
tial 18 in FIG. 2.

The center differential 18 has a function of absorbing
a difference of the rotation of the front wheels and that
of the rear wheels at a turn of the vehicle, and is of a
planet gear type which is composed of a ring gear 18a
engaging with the final drive pinion 14 of the transmis-
sion 12, a plurality of pinion gears 185 engaging with
the ring gear 18a, and a sun gear 18c engaging with the
pinion gears 185, wherein the sun gear 18c is disposed
on a casing 20c¢ of the differential 20 for the front wheel.

The front-wheel differential 20 has two pinon gears
20z and two side gears 2056 connected to right and left
shaft parts 17a, 176 of the front-wheel drive shaft 17.
The pinion gears 20a are connected via the casing 20c¢ to
a carrier 184 connected to a right side part in FIG. 2 of
the pinion gears 185 of the center differential 18. A
reduction gear 21 is integrally formed at the sun gear
18¢ of the center differential 18 on an opposite side of
the front-wheel differential 20.

Further, as shown in FIG. 1, a transfer device 25 for
transmitting the driving power transmitted to the center
differential 18 to the rear wheels is disposed at the front
of the vehicle and obliquely below the front-wheel
drive shaft 17. The transfer device 25 has, as shown in
FI1G. 2, a reduction gear 26 engaging with the sun gear
18¢ of the center differential 18, a support shaft 27 ar-
ranged in a car width direction for supporting the re-
duction gear 26, a bevel gear 28 supported by the sup-
port shaft 27 and disposed just left to a center line 1 in

“the car width direction, and a drive pinion 29 having a

bevel gear part 292 engaging with the bevel gear 28 and



),351,782

S

substantially disposed on the center line 1 in the car
width direction.

In addition, at the rear of the drive pinion 29 of the
transter device 25, a propeller shaft 30 for transmitting
the driving power to the rear wheels extends from an
axial line of the pinion 29.

The bevel gear 28 of the transfer device 25 is, as
shown in FIG. 1, arranged in a space S arranged before
the front-wheel drive shaft 17 and under the engine 3.
Though an axial center of the bevel gear 28 is located
lower than the front-wheel drive shaft 17, an upper end
of the bevel gear 28 is higher than an axial center of a
steering shaft 33 which is described later.

Between the exhaust pipe 5 of the engine 3 and the
propeller shaft 30, as shown in FIG. 1, the steering shaft
33 extending in the car width direction is arranged and
right and left ends thereof (not shown) are connected to
respective right and left front wheels. Because of the
exhaust pipe 5 extending obliquely downward, the axial
center of the steering shaft 33 is located lower than that
- 1n case without the exhaust pipe, and slightly higher
than the axial center of the front-wheel drive shaft 17.

As also shown m FIG. 1, a connecting part 34 for
connecting, by means of a bolt, a flange part 295 formed
at a rear end part of the drive pinon 29 of the transfer
device 25 and a flange part 30a formed at a front end
part of the propelier shaft 30 is located approximately at
the middle between the steering shaft 33 and the front-
wheel drive shaft 17.

As turther shown in FIG. 1, at a boundary of an axial
line that connects a center of the crankshaft 3¢ and a
center of the front-wheel drive shaft 17, the engine 3 is

divided 1nto a cylinder block 3d at an upper part thereof

and a lower block 3¢ at a lower part thereof. The lower
block 3e 1s connected to an oil pan 36 at a lower surface
thereof. A rear part of the cylinder block 3d extends
obliquely downward to be formed integrally with a
casing 12¢ of the transmission 12. A rear part of the
lower block 3e of the engine 3 also extends obliquely
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downward to be formed integrally with a casing 25q of 40

the transfer device 25. The extension part of the lower
block 3e covers to an outer periphery of the drive pin-
1on 29 of the transfer shaft 25, and has an opening O for
connecting to the flange part 296 of the transfer device
25 at a rear part thereof.

Accordingly, in the above embodiment, because the
ground clearance of the steering shaft 33 is approxi-
mately the same as that of the front-wheel drive shaft
17, the large diameter bevel gear 28 of the transfer
device 25 1s prevented from being arranged under the
steering shaft 33 in relation to the lowest ground clear-
ance of the vehicle. However, since the bevel gear 28 is
arranged in the space S before the front-wheel drive
shaft 17, the level of the axial center of the bevel gear 28
can be set higher to nearly the level of the front-wheel
drive shaft 17, thus ensuring the lowest ground clear-
ance of the vehicle.

Further, since the bevel gear 28 of the transfer device
235 1s arranged at the front of the front-wheel drive shaft
17, as described above, the power train is compacted in
the longitudinal direction of the vehicle, compared with
the case where the bevel gear 18 is arranged at the rear
of the steering shaft 33.

While the engine 3 is connected at the rear part

45
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thereof to the exhaust pipe 5, the connecting part 34 of 65

the transfer device 25 and the propelier shaft 30 is lo-
cated at the front of the steering shaft 33. Therefore, the
whole power train including the exhaust pipe 5 and the

6

transter device 25 can be assembled into the engine
compartment 2 of the vehicle to which the steering
shaft 33 already is assembled without interference with
the steering shaft 33 merely by lowering the whole
power train from above into the engine compartment 2.
Thus the assembling of the power train is facilitated.

Since the cylinder block 3d of the engine 3 and the
casing 12¢ of the transmission 12 located at the rear of
the cylinder block 3d are formed integrally, the rigidity
of the power train is enhanced as a whole.

Further, since the engine 3 is separated into the cylin-
der block 3d and the lower block 3e, when the engine 3
for the four-wheel drive motor vehicle in this embodi-
ment 1s embarked to a front-wheel drive motor vehicle,
only the lower block 3e is exchanged, which means that
the cylinder block 34 can be used without modification
and that the device can be used in common.

Since the center differential 18 is arranged at the
front-wheel drive shaft 17, the support shaft thereof can
be dispensed with, thus compacting the power train of
the four-wheel drive motor vehicle.

FIGS. 3 and 4 show a power train construction of a
vehicle in another embodiment, in which the center
differential 18 is arranged on the output shaft 125 of the
transmission 12, instead, the center differential 18 is
arranged at the front-wheel drive shaft 17 as in the first
embodiment.

In detail, in FIGS. 3 and 4, the output shaft 125 of the
transmission 12 extends to the left side of the vehicle,
and the center differential 18 is arranged at a left end
part of the extension part. The carrier 184 of the center
differential 18 is formed integrally with an axis 40 ar-
ranged coaxially with the output shaft 125 at an outer
part of the output shaft 126 of the transmission 12. A
reduction gear 41 integrally formed on the right side
part of the axis 40 engages with the ring gear 204 of the
front-wheel differential 20. The front-wheel differential
20 1s located between the transmission 12 and the center
differential 18 1n the car width direction.

Between the center differential 18 and the reduction
gear 41, a viscous coupling 42 1s arranged for restricting
a differential motion of the center differential 18.

In the center differential 18, a reduction gear 45 is
integrally formed with the sun gear 18¢ at the right part
of the sun gear 18¢, and engages with a reduction gear
46 disposed at the front-wheel drive shaft 17. A second
reduction gear 47 1s integrally formed with the reduc-
tion gear 46 at the right part of the reduction gear 46 in
the drawing, and engages with a reduction gear 26
mntegrally formed with the support shaft 27 of the trans-
ter device 235 at a left end part of the support shaft 27 in
the drawing.

In this embodiment, also, the bevel gear 28 of the
transfer device 23 is arranged in the space S before the
front-wheel drive shaft 17 and under the engine 3, and
the steering shaft 33 is arranged between the exhaust
pipe S of the engine 3 and the propeller shaft 30. The
connecting part 34 for connecting the transfer device 25
and the propeller shaft 30 is located at the front of the
steering shaft 33. Since the other construction in this
embodiment is the same as in first above embodiment,
the explanation is omitted, applying the same reference
numerals to the respective same parts.

Accordingly, in this embodiment as in the first em-
bodiment, since the bevel gear 28 of the transfer device
25 1s arranged at the front of the front-wheel drive shaft
17, the power train is compacted in the longitudinal
direction of the vehicle, while ensuring the lowest
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ground clearance of the vehicle. Moreover, since the
connecting part 34 1s located at the front of the steering
shaft 33, the whole power train including the exhaust
pipe 5 and the transfer device 25 can be easily assembled
into the engine compartment 2, which leads to an im-
provement in assembling of the power train to the vehi-
cle.

FIG. § shows a modified example of power transmis-
sion from the center differential 18 to the transfer de-
vice 25, in which the power is transmitted via a chain,
instead the power is transmitted via the two reduction
gears 46, 47 arranged at the four-wheel drive shaft as in
the second embodiment.

In detail, in FIG. 5, the sun gear 18¢ of the center
differential 18 is connected to a drive sprocket 50, and
the support shaft 27° of the transfer device 25 is con-
nected at the left end thereof in the drawing to a drive
sprocket 51. Between both sprockets 50, 51, the chain
52 is trained for transmitting a driving power transmit-
ted to the center differential 18 to the transfer device 25’
through the medium of the chain 52.

I claim:

1. A power train construction of a vehicle having an
engine whose crankshatft is disposed in a car width di-
rection, a transmission connected with and arranged
along a longitudinal direction of said engine an axis of
which is in parallel with said crankshaft of said engine,
a bevel gear of a transfer device connected with the
transmission and which receives a driving power
changed by the transmission and which changes a trans-
mitting direction of the driving power, and a propeller
shaft which is connected with said bevel gear of the
transfer device by a connecting part, extends in the
longitudinal direction of the vehicle and transmits the
dniving power transmitted to the bevel gear of the trans-
fer device to the rear wheels, with said engine being
inchined rearward of the vehicle and an exhaust pipe is
connected to the rear side of said engine, said power
train construction comprising: |

a front-wheel axle located under said transmission;

and

a steering shaft arranged between said propeller shaft

and said exhaust pipe and extending in a car width
direction; wherein,

the bevel gear of said transier device is disposed be-

tween, viewing from an upper side of the vehicle,
said front-wheel axle and a bottom of a front end
portion of said engine; and

the connecting part which connects said bevel gear of

said transfer device and said propeller shaft is lo-
cated forward of said steering shaft.

2. The power train construction according to claim 1,
wherein a cylinder block of said engine is integrally
formed with a casing of said transmission.

3. The power train construction according to claim 1,
wherein a lower block of said engine is integrally
formed with a casing of said transfer device.

4. The power train construction according to claim 2,
wherein a lower block of said engine is integrally
formed with a casing of said transfer device.

5. The power train construction according to claim 1,
wherein said vehicle is a four-wheel drive motor vehi-
cle, and a center differential is arranged at a drive shaft
for front wheels.

6. The power train construction according to claim 1,
wherein said transmission is arranged at the rear side of
sald engine.
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7. The power train construction according to claim 1,
wherein an axial center of said steering shaft is located
approximately at the same height as an axial center of
said front-wheel axle.

8. The power train construction according to claim 1,
wherein an upper end of said bevel gear of said transfer
device 1s located approximately at the same height as an
axial center of said front-wheel axle.

9. The power train construction according to claim 1,
wherein said vehicle is a four-wheel motor vehicle, an
output shaft of said transmission extends in a car width
direction, and a center differential is arranged at an
extension part of said transmission. |

10. A power train construction of a vehicle having an
engine whose crankshaft is disposed in a car width di-
rection, and a transmission connected with and ar-
ranged along a longitudinal direction of said engine, an
axis of which is in parallel with said crankshaft of said
engine, a bevel gear of a transfer device connected with
the transmission which receives a driving power
changed by the transmission and which changes a trans-
mitting direction of the driving power, and a propeller
shaft which 1s connected with said bevel gear of the
transfer device by a connecting part, extends in the
longitudinal direction of the vehicle and transmits the
driving power transmitted to the bevel gear of the trans-
fer device to the rear wheels, with said engine being
inclined rearward of the vehicle, the power train con-
struction comprising:

a front-wheel axle arranged under said transmission;

wherein

the bevel gear of said transfer device is disposed be-

tween, viewing from an upper side of the vehicle,
said front-wheel axle and a bottom of a front end
portion of said engine.

11. The power train construction according to claim
10 wherein a cylinder block of said engine is integrally
formed with a casing of said transmission

12. The power train construction according to claim
10, wherein a lower block of said engine is integrally
formed with a casing of said transfer device.

13. The power train construction according to claim
10 wherein said vehicle is a four-wheel drive motor
vehicle, and a center differential is arranged at a drive
shaft for front wheels.

14. The power train construction according to claim
10 wherein said transmission is arranged at the rear side
of said engine.

15. The power train construction according to claim
10, wherein an axial center of said steering shaft is lo-
cated approximately at the same height as an axial cen-
ter of said front-wheel axle. -

16. The power train construction according to claim
10, wherein an upper end of said bevel gear of said
transfer device is located at approximately the same
height as an axial center of said front-wheel axle.

17. The power train construction according to claim
13, wherein said center differential is arranged at a left
side of a differential for front wheels.

18. The power train construction according to claim
13, wherein said center differential includes a sun gear
which is integrally formed with a reduction gear for
transmitting a driving power to rear wheels at an op-
posed side of a differential for front wheels.

19. A power train construction of a vehicle in which
an exhaust pipe is connected to a rear side of a rear-
wardly inclined engine, the power train construction
comprising;:
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a bevel gear of a transfer device connected with a
transmisston and which receives a driving power
changed by the transmission and which changes a
transmitting direction of the driving power,

a propeller shaft which is connected with said bevel
gear of the transfer device by a connecting part and
which extends in the longitudinal direction of the
vehicle and transmits the driving power transmit-
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ted to the bevel gear of the transfer device to the
rear wheels: and

a steering shaft extending in a car width direction and
disposed between said exhaust pipe and said pro-
peller shaft;

wherein the connecting part which connects said
propeller shaft and said transfer device is located

forward of said steering shaft.
* % % %k %
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